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Wireless Sensor Networks (WSNs) have become potential solutions for a 
wide range of applications such as farm monitoring, building and factory 
management, and military controls. Gathering environmental information is a 
common function that makes use of WSNs, in which the Sensor Nodes (SNs) are 
deployed in the sensing field and the Base Station (BS) is used to collect and analyze 
the sensing data. SNs send data to BS directly or indirectly via other intermediate 
SN(s). SNs usually operate by using limited energy sources such as batteries. It may 
be undesirable to replace or recharge SNs due to high maintenance cost. In this case, 
Relay Stations (RSs) are deployed to receive and forward data from SNs to BS so 
that the energy-limited SNs can live for a desired period of the network lifetime. In 
order to operate WSNs under efficient energy utilization of SNs, we need effective 
network design approaches considering practical issues such as limitation of 
network cost, energy, and radio communication range.  
This research proposes a novel WSN design approach, accounting for the 
flow conservation and the network cost consideration in the network design process. 
Specifically, we solved the RS placement and assignment problem for WSNs with 
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the objective function to minimize the number of RSs and find optimal locations to 
install them so that the radio communication between nodes in the network and the 
required network operation period can be guaranteed. The proposed WSN design 
problem is formulated as Integer Linear Programming (ILP) models and solved by the 
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